Abstract. Recent optical kerr effect (OKE) studies have revealed that orientational relaxation of rodlike nematogens near the isotropic-nematic (I-N) phase boundary and also in the nematic phase exhibit temporal power law decay at intermediate times. Such behaviour has drawn an intriguing analogy with supercooled liquids. Here, we have investigated the single-particle and collective orientational dynamics of a family of model system of thermotropic liquid crystals using extensive computer simulations. Several remarkable features of glassy dynamics are on display including non-exponential relaxation, dynamical heterogeneity, and non-Arrhenius temperature dependence of the orientational relaxation time. Over a temperature range near the I-N phase boundary, the system behaves like a fragile glass-forming liquid. Using proper scaling, we construct the usual relaxation time versus inverse temperature plot and explicitly demonstrate that one can successfully define a density dependent fragility of liquid crystals. The fragility of liquid crystals shows a temperature and density dependence which is remarkably similar to the fragility of glass forming supercooled liquids. Energy landscape analysis of inherent structures shows that the breakdown of the Arrhenius temperature dependence of relaxation rate occurs at a temperature that marks the onset of the growth of the depth of the potential energy minima explored by the system.
Introduction
Thermotropic liquid crystals exhibit exotic phase behaviour upon temperature variation. In the isotropic phase, a liquid does not exhibit any long range translational or orientational order. The nematic phase is endowed with a long-ranged orientational order but lacks translational order. Further cooling leads to a more ordered smectic phase where two-dimensional translational order along with long-ranged orientational order sets in the system. The isotropic-nematic (I-N) phase transition, which is believed to be weakly first order in nature with certain characteristics of the continuous transition, has been a subject of immense attention in condensed matter physics and material sciences.
1,2 In contrast, the dynamics of thermotropic liquid crystals have been much less studied, the focus being mostly on the long-time behaviour of orientational relaxation near the I-N transition.
1 A series of OKE measurements have, however, recently studied collective orientational relaxation in the isotropic phase near the I-N transition over a wide range of time scales.
3,4 The dynamics have been found to be surprisingly rich, the most intriguing feature being the power law decay of the OKE signal at short-tointermediate times. 3, 4 The relaxation scenario appears to be strikingly similar to that of supercooled molecular liquids 5 , even though the latter do not undergo any thermodynamic phase transition.
To this end, we have undertaken molecular dynamics simulations of a family of model systems consisting of rod-like molecules across the I-N transition. Given the involvement of the phase transition to an orientationally ordered mesophase upon lowering the temperature, we choose to probe the single-particle and collective orientational dynamics in order to make comparison with relaxation behaviour observed for supercooled liquids. We have calculated the nonGaussian parameter in the orientational degrees of freedom in order to probe the heterogeneous dynamics present in the system near I-N transition. We have defined a fragility index to quantitatively measure the glassy dynamics observed in the orientational degrees of freedom. We have also explored plausible correlation of the features of the underlying energy landscape with the observed non-Arrhenius dynamics in analogy with supercooled liquids.
Models and simulation details
The systems we have studied consist of ellipsoids of revolution. The Gay-Berne (GB) pair potential, 6 that is well established to serve as a model potential for systems of thermotropic liquid crystals, has been employed. The GB pair potential, which uses a singlesite representation for each ellipsoid of revolution, is an elegant generalization of the extensively used isotropic Lennard-Jones potential to incorporate anisotropy in both the attractive and the repulsive parts of the interaction.
6,7 In the GB pair potential, ith ellipsoid of revolution is represented by the position r i of its center of mass and a unit vector e i along the long axis of the ellipsoid. The interaction potential between two ellipsoids of revolution i and j is given by 
Here σ ss defines the thickness or equivalently, the separation between the two ellipsoids of revolution in a side-by-side configuration, r ij is the distance between the centers of mass of the ellipsoids of revolution i and j, and ˆ/ ij ij ij r r r = is a unit vector along the intermolecular separation vector r ij . The molecular shape parameter σ and the energy parameter ε both depend on the unit vectors e i and e j as well as on ˆi j r as given by the following set of equations:
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with χ = (κ 2 + 1)/(κ 2 -1) and 
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with χ′ = (κ′ 1/μ − 1)/(κ′ 1/μ + 1). Here κ = σ ee /σ ss is the aspect ratio of the ellipsoid of revolution with σ ee denoting the separation between two ellipsoids of revolution in a end-to-end configuration, and σ ss = σ 0 , and κ′ = ε ss /ε ee , where ε ss is the depth of the minimum of the potential for a pair of ellipsoids of revolution aligned in a side-by-side configuration, and ε ee is the corresponding depth for the end-to-end alignment. Here ε 0 is the depth of the minimum of the pair potential between two ellipsoids of revolution aligned in cross configuration. The GB pair potential defines a family of models, each member of which is characterized by the values chosen for the set of four parameters κ, κ′, μ, and ν, and is represented by GB (κ, κ′, μ, ν)
7
. Systems consist of 500 ellipsoids of revolution in a cubic box with periodic boundary conditions at several temperatures, starting from the high-temperature isotropic phase down to the nematic phase across the I-N phase boundary have been simulated. We have carried out several simulations with different aspect ratios (κ) where for each aspect ratio isochors of different densities have been investigated. All quantities are given in reduced units defined in terms of the Gay-Berne potential parameters ε 0 and σ 0 : length in units of σ 0 , temperature in units of ε 0 /k B , and time in units of (σ 2 0 m/ε 0 ) 1/2 , m being the mass of the ellipsoids of revolution. The mass as well as the moment of inertia of each of the ellipsoids of revolution have been set equal to unity. The intermolecular potential is truncated at a distance r cut and shifted such that U (r ij = r cut ) = 0, r ij being the separation between two ellipsoids of revolution i and j. The equations of motion have been integrated using the velocity-verlet algorithm with integration time step dt = 0⋅0015.
8 Equilibration has been done by periodic re-scaling of linear and angular velocities of particles. This has been done for a time period of t q following which the system has been allowed to
